1 3

UNCLASSIFIED o T T oe

P Aot s 4 R IRA(

A
Aolraoz

REPORT R-199 , v:!. |

IDA GROUND-AIR MODEL I (IDAGAM I)

Volume 1: Comprehensive Description

Lowell Bruce Anderson
Jerome Bracken

James G. Healy

Mary J. Hutzler
Edward P. Kerlin

October 1974

_NSTITUTE FOR DEFENSE ANALYSES.
~PROGRAM ANALYSIS DIVISION

IDA Log No. HQ 74-16242
Copyd  of 125 copies

UNCLASSIFIED




The work reported in this publication was conducted under IDA's

Independent Research Program. Its publication doe ot i

: y
endorsement by the Department of Defense or any other govern- l
ment agency, nor sho Id the contents be ¢ da flecting

| the official position of that agency.

| Approved for public release; distribution unlimited. |




UNCLASSIFIED

REPORT R-199

IDA GROUND-AIR MODEL I (IDAGAM 1)

Volume 1: Comprehensive Description

Lowell Bruce Anderson
Jerome Bracken
James G. Healy
Mary J. Hutzler
Edward P. Kerlin

October 1974

)

1DA

INSTITUTE FOR DEFENSE ANALYSES
PROGRAM ANALYSIS DIVISION
400 Army-Navy Drive, Arlington, Virginia 22202

IDA Independent Research Program

UNCLASSIFIED







UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE o it e e
1. REPORY NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
4. TITLE (and Subittle) S TYPE OF REPORT & PERIOD COVERED
IDA GROUND-AIR MODEL I (IDAGAM I) Final

Volume 1: Comprehensive Description T LT S T T

7. AUTHOR(ay 0. CONTRACT OR GRANT NUMBER(s)
Lowell Bruce Arderson, Jerome Bracken, IDA Independent
James G. Healy, Mary J. Hutzler, Research Program
Edward P. Kerlin

!.ﬁ\?snri‘inumc Oﬁﬁllﬁflou uSAII:I:E AND A%Dleés 10. ::32=‘=OERLKEGErTT'n':J'uolJtEncsT‘ TASK

PROGRAM ANALYSIS DIVISION
400 Army-Navy Drive,Arlington,Virginia 22202
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORY DATE

October 1974

13 NUMBER OF PAGES

T4, MONITORING AGENCY NAME & ADDRESS(1! different trom Contralling Ollice) 18. SECURITY CLASS (ol thie report)
Volumes 1-4: Unclassified
[Volume 5: SECRET

188, DECLASSIFICATION DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

For Volume 1--

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract eniered in Block 20, If dillerent from Report)

10. SUPPLEMENTARY NOTES

19. XEY WORDS (Continue on reverae aide il necessary and 1dentily by block number)

Ground-Alr Warfare, Simulation Model, Theater-Level Model,
Military Operations Research, Defense Planning, Ground Forces,
Tactical Air Forces

20. ABSTRACT (Continue on reverse aide il necossary and Identily by block number)

The IDA Ground-Air Model I (IDAGAM I) is a deterministic, fully-
automated, theater-level model of non-nuclear combat between two
opposing forces. The report consists of five volumes, as follows:
(1) Comprehensive Description, (2) Definitions of Variables,

(3) Detailed Decription of Selected Portions, (4) Documentation,
and (5) Testing (U) (SECRET).

DD , 0%, 1473 eoimion or i novesis ossoLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THiS PAGE (When Dats Fntered)




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

INCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




FOREWORD

IDAGAM I is a deterministic, fully automated model of non~
nuclear combat between two opposing forces. The purpose of
thlis report is to describe and document IDAGAM I. The report
consists of five volumes, the contents of which are summarized
as follows:

Volume 1 - Comprehensive Description
I. LEVEL OF DETAIL OF IDAGAM I
II. DESCRIPTION OF IDAGAM I

ITII. LIMITATIONS OF IDAGAM I AND SUGGESTIONS FOR
FURTHER RESEARCH
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Volume 2 - Definitions of Variables
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II. DEFINITIONS OF VARIABLES

Volume 3 - Detailed Description of Selected Portions

I. MAXIMUM NUMBER OF RESOURCES AND OTHER
QUANTITIES THAT CAN BE PLAYED

IT. THE AIR-COMBAT MODEL
ITII. THE GROUND-COMBAT MODEL
IV. THE THEATER-CONTROL MODEL
V. THEATER CONTROL AT TIME ZERO
VI. GEOGRAPHY
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Volume 4 - Documentation
I. STRUCTURE OF IDAGAM I
II. MACHINE CONVERSION
III. PREPARATION OF INPUTS
IV. DESCRIPTION OF OUTPUTS

Appendix A. SAMPLE OUTPUT
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Appendix C. VARIABLE SIZES AND LOCATIONS

Volume 5 - Testing
I. DESCRIPTION OF THE TEST PLAN
II. RESULTS OF TESTS
ITII. CONCLUSIONS

Appendix. SOURCES OF INPUT DATA
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Volumes 1, 2, 3, and U are Unclassified; Volume 5 is Secret.

Since it would be much too unwieldy to include a copy of

the code of the IDAGAM I computer program in this report, no

such copy is included here. Copies of this code on appropriate

media (tape, cards, etc.) can be obtained directly from the

Institute for Defense Analyses.
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INTRODUCTION

IDA Ground-Air Model I (IDAGAM I) is a deterministic, fully
automated model of nonnuclear combat between two opposing sides.
The purpose of this volume is to provide a comprehensive
description of IDAGAM I. Chapter I discusses the level of
detail of IDAGAM I. A summary description of the logic and a
precise statement of the attrition equations used in IDAGAM I
are given in Chapter II. Limitations of IDAGAM I and sug-
gestions for further research are given in Chapter III. Pre-
ceding the description of IDAGAM I, some background information
is given in this introduction.

The reader interested only in a summary description of
IDAGAM I (but not in the details of the attrition equations)
should read only Chapter I and Sections A, B.1, C.1l, and D.1
of Chapter II of this volume.

IDAGAM I is the latest in what might loosely be called a
family of models that began with ATLAS (Kerlin and Cole [19])
and led first to GACAM (Bracken, et al. [12]), then to GACAM II
(Bracken, et al. [11]), and then to IDAGAM I. This is a "loose"
family because the only thing that really ties it together is
that the developers of each succeeding model, before developing
that model, looked closely at the advantages and limitations of
its predecessors. These models were not developed at the same
place or under the same funding; and, with the exception of
Edward Kerlin, they were not developed by the same people.

ATLAS had its own forerunners, but they were not fully
automated models. GACAM was developed with a goal of




simplifying the ATLAS ground-combat process, so that a more
elaborate air-combat process could be played and so that the
total computer running time of GACAM would be small enough to
allow it to be used as part of higher-level models, such as
GANCAM and the World-Wide Integrating Model (Bracken, et al.
[12]). This goal was accomplished, but in the process the
GACAM ground-combat process was, according to some critics,
too oversimplified.

This criticism led to GACAM II, which attempted to increase
the level of detail of the GACAM ground process by introducing
sectors, weapons by type, and other details. However, GACAM II
still retained the basic firepower structure of ATLAS and GACAM.
This defect was felt to be severe and led to IDAGAM I. 1In
addition to the "omission" characteristic of not being a fire-
power model, we believe that IDAGAM I has many positive charac-
teristics that make it generally preferable to its predecessors.
Indeed, the objective of this effort was not to develop a model
designed to address a particular set of questions, but rather
it was to improve in general upon previous theater-level models
of nonnuclear combat. One purpose of this report is to describe
IDAGAM I in sufficient detail that potential users can decide
whether this is an appropriate model to address the particular
problems that the potential user might have.

The authors would like to acknowledge thorough reviews of
this report by Joseph Bruner (of General Research Corporation)
and by Seymour Deitchman (as the responsible IDA reviewer).
The authors would also like to acknowledge the sustained
assistance of Mabel Iverstrom in typing and checking the

accuracy of this report.




Chapter 1
LEVEL OF DETAIL OF IDAGAM I

A. THEATER STRUCTURE

IDAGAM I is designed to be a theater-level model. If
desired, only part of a theater can be played (and, with some
restrictions, several theaters can be played simultaneously).
For the purposes of this report, we will assume that IDAGAM I
is being played at the theater level.

1. Geographical Sectors

The theater structure of IDAGAM I contains a series of
nonintersecting geographical sectors that cover the theater
area of interest. These geographical sectors are considered
as avenues of advance that run the length of the theater, that
are not necessarily of constant width, and that are separated
from adjacent sectors by rough terrain, neutral countries, or
other specifics of the theater area that would hinder combat
across sector boundaries. Each geographical sector is assumed
to consist of an integral number of intervals. Terrain-type
variations, width-of-sector variations, defensive barriers,
and other geographical characteristics will be played with
these intervals. 1Intervals are assumed to be areas of constant
width but variable depth, with the terrain or barrier assumed
to be constant throughout the interval. (Additional informa-
tion concerning the way that geography and defensive barriers
are played in IDAGAM I is given in Chapter VI of Volume 3.)




2. Combat Sectors, Regions, and COMMZ

While geographical sectors run the length of the theater,
ground combat will take place only in the portion of the geo-
graphical sector that is relatively near the line that separates
the two sides. (This line is traditionally called the forward
edge of the battle area, or FEBA.) If a unit is in the gth
geographical sector and is close enough to the FEBA to partici-
pate in combat, we will say that the unit is in the Jbh combat
e sector). If that unit is not
close enough to participate in combat (i.e., it is in reserve),

sector (or, simply, in the J

then we will say that the unit is in a region or in the COMMZ
(defined below).

Regions consist of the rear portion of one or more geo-
graphical sectors. The left boundary of a region is the left
boundary of the leftmost geographical sector contained in that
region, and the right boundary of a region is the right boundary
of the rightmost geographical sector contained in that region.
Which geographical sectors are contained in which regions is an
input to the model.! The grouping of geographical sectors into
regions need not be the same for both sides. Thus, since the
forward part of a geographical sector is a combat sector, each
region boundary must coincide with the boundary of some combat
sector. But region boundaries for one side need not correspond
to region boundaries for the other side.

The number of regions and sectors played in IDAGAM I is an
input. The maximum number of regions and sectors that can be
played is part of the computer program, but this maximum number
is easily changed. (A complete discussion of these maximums
is given in Chapter I of Volume 3.)

lHowever, if two geographical sectors are in a region, then all
geographical sectors between them must be in the same region.
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There is exactly one communications zone (COMMZ) for each
side in the theater. The COMMZ for each side is located to the
rear of all ground battle activity.

With the two opposing sides being denoted by Blue and Red,
an example of theater structure with seven sectors, two Blue
regions, and three Red regions is given in Figure 1.

Blue Combat Red
Regions Sectors Regions

© ®

Blue
COMMZ

Red
COMMZ

On& & Ci0H0; On

®

-
m
oo —
>

Figure 1. EXAMPLE OF THEATER STRUCTURE

B. RESOURCES

The two opposing sides, which are denoted by Blue and Red,
are represented symmetrically in IDAGAM I. Each side can have
ground resources and air resources.




1. Ground Resources

a. People

IDAGAM I accounts for exactly four categories of people
(combat, combat support, service support, and theater support).
However, the fourth category, theater-support personnel, must
always be located in the COMMZ and cannot cause or suffer attri-
tion (except for nonbattle-related casualties). They are con-
sidered only for accounting and supply-consumption purposes.

The distinction between the other three categories is also
only for accounting purposes; however, the sum of the number of
people in these three categories is significant in the attrition
and FEBA-movement calculations. Thus, IDAGAM I actually "plays"
only one type of people; and this type is the sum of the number
of people in the first three personnel categories listed above.

b. Weapons

The number of types of weapons on each side that are played
in IDAGAM I is an input.! For example, IDAGAM I could be played
with 10 types of weapons on each side, where

Blue weapon type 1 = small arms;

Blue weapon type 2 = armored personnel carriers;

Blue weapon type 3 = tanks;

Blue weapon type U4 = antitank weapons;

Blue weapon type 5 = field artillery (155 mm or 8 in.);
Blue weapon type 6 = field artillery (175 mm);

Blue weapon type 7 = mortars;

Blue weapon type 8 = helicopters;

Blue weapon type 9 = antiaircraft artillery;

1The maximum number of types of weapons that can be played is
fixed in the computer program but can easily be changed. As
many other quantities have this property, we will not make
this statement each time such a quantity 1is introduced.
(Instead, a complete list and full explanation is given in
Chapter I of Volume 3.)

6




Blue weapon type 10 = surface-to-alr missile systems;
and

Red weapon type = small arms;

Red weapon type = armored personnel carriers;
Red weapon type = tanks;

= antitank weapons;

field artillery (155 mm or 122 mm);
= field artillery (130 mm);

= mortars;

Red weapon type
Red weapon type
Red weapon type
Red weapon type
= multiple rocket launchers;
= antlalrcraft artillery;

Red weapon type

O 0N O\l & W+
]

Red weapon type
Red weapon type 10 = surface-to-air missile systems.

The last type of weapon on either side must be surface-
to-air missile systems (SAMs) and, if a second type of ground-
to-air weapon system (such as short-range SAMs or antiaircraft
artillery (AAA)) is to be played, then it must be the second-
to-last type of weapon.! Other than this, there is no formal
restriction on what types of weapons can be played; and dif-
ferent types can be played on each side. However, some types
of weapons (e.g., nuclear weapons or biological weapons) would
not be appropriately modeled by IDAGAM I.

c. Minefields

Mines are not played as a type of weapon as described above.

Instead, IDAGAM I plays preplanned minefields that are assumed

'IDAGAM I allows up to two types of ground-to-air weapons to be
played, and one of these types is assumed to have shorter range
than the other. 1In this report, we assume that these two types

of weapons are SAMs and AAA. However, IDAGAM I can also be used
to play two types of SAMs (long-range and short-range), provided
either that AAA are not played or that they are grouped together

with short-range SAMs as the second-to-last type of weapon.

If two types of ground-to-air weapons are not played, then
certain parameters must be zeroed out, so that the second-to-

last type of weapon is given no ground-to-air capability and no
aircraft are sent on AAA-suppression missions.

7




to extend across one or more sectors and that can be of variable
depth and density.! Minefields affect the movement and casualty
rate of the attacker until the minefield is breached. (A defense
using a minefield is treated essentially as a separate type of
defensive posture, which is discussed further in Chapter VI of
Volume 3.)

d. Divisions

The number of types of units that are played on each side
is an input. However, these units must be separate units; one
cannot be a part of another. Thus, IDAGAM I can play divisions
and separate brigades, or brigades and separate battalions, but
it cannot simultaneously play both divisions and the brigades
that compose those divisions. Subject to this restriction, a
unit of any size can be played; and units of various sizes can
be played simultaneously.

IDAGAM I was designed with the idea of playing notional
units (i.e., a type-i unit in sector J would be indistinguish-
able from any other type-i unit in sector J). (Units of
different types in the same sector and units of the same type
in different sectors are distinguishable.) However, it is
possible under some severe restrictions to use IDAGAM I to play
individual units. (This possibility is discussed at the end
of Chapter I of Volume 3.) For simplicity, throughout this
report we will assume that notional units are being played,
which we will refer to as divisions.

As an example, IDAGAM I could be played with four types of
notional divisions on each side, where

Blue division type 1 = U.S. armor division;

1If an actual minefield spans, say, one-half of a sector, then
this partial span can be approximated by a minefield that spans
the whole sector and has a depth of one-half (or less) of the
actual minefield.




Blue division type 2 U.S. mechanized infantry division;
non-U.S. NATO armor division;

non-U.S. NATO mechanized infantry
division;

Blue division type 3

1

Blue division type 4

and

Soviet/Czech tank division;
Soviet/Czech motorized rifle division;

Red division type

Red division type

Red division type E. German/Polish tank division;

= W o
n

E. German/Polish motorized rifle
division.

Red division type

Each type of division has several characteristics that
differentiate it from other types of divisions. For example,

each type of division has its own--

(1) TOE (authorized number of people and weapons by type);
(2) actual number of people and weapons by type;

(3) effectiveness degradation function (this gives the
percent degradation of effectiveness as a function
of the percent strength of the division);

(4) reorganization rate;
(5) relative-movement rate;
(6) relative size;

(7) personnel strength level at which the division is
withdrawn from combat; and

(8) personnel strength level required for the division to
enter combat.

e. Location of Divisions, Weapons, and People

A divison can be located in any (combat) sector, in any
of its side's regions, or in its side's COMMZ.! 1If a division
is in a sector, then that division is in combat and can cause

!This structure gives the maximum number of possible locations
for each division. Fewer locations for specific types of
divisions can be played. For example, if it is desired, only
U.S. divisions in certain sectors and only non-U.S. NATO divi-
sions in other sectors can be played.

9




and receive casualties. If a division is in a region or the
COMMZ, then it is in reserve and cannot cause casualties.
Divisions in the COMMZ cannot receive casualties, but divisions
in regions can be attacked by enemy aircraft.!

Weapons can either be in a division (and so be located
wherever the division is located) or be in the weapon-replacement
pool in the COMMZ (there is one such pool for each side). There
can never be more weapons in a division than the TOE of that
division calls for (and, of course, the TOE of a particular
type of division might call for no weapons of a particular type).

The first three types of people (combat, combat support, and
service support) can either be in a division or be the personnel-
replacement pool in the COMMZ. However, unlike weapons, people
are not distinguished by type when they are in the replacement
pool. They are distinguished by type only in divisions; and
when people are moved from the replacement pool to a division,
they are assumed to be distributed by type according to the needs
of that division.

The fourth type of people (theater support) are located in
the COMMZ and cannot be either in divisions or in the personnel-
replacement pool.

f. Supplies

IDAGAM I plays exactly one type of supplies, which should
be considered as general supplies and should include food,
ammunition, and fuel for both ground forces and air forces (they
are included under ground resources for convenience only). The
unit of measure for these general supplies is considered to be
tons, and the model assumes that each person (by type), each

' IDAGAM I does not play enemy air attacks on resources in the
COMMZ .

All divisions in reserve can suffer nonbattle-related
casualties.

10




ground weapon (by type), and each aircraft (by type) consumes
a certain number of tons of supply per time period (for people
and ground weapons, this consumption rate is also a function
of posture). (The way that supplies are played in IDAGAM I 1is
discussed further in Section D.4, Chapter II, of this volume.)

g. Surface-To-Air Missile Systems

SAMs differ from the other types of weapons in the
following respects: First, as noted above, SAMs have no "ground
value" and are the only weapons with no such value. (We assume
that AAA could be used against enemy ground troops.) Second
the "ammunition" for the SAMs (i.e., the actual missiles them-
selves) are not played as part of the general supplies but are
accounted for separately.! Finally, both SAMs and AAA can be
used to defend airbases (as will be discussed in Subsection 2,
which follows).

2. Air Resources

a. Aircraft

The number of types of aircraft on each side that are
played in IDAGAM I is an input. (See Chapter I of Volume 3
for a discussion of the maximum number of types of aircraft
that can be played.) For example, IDAGAM I could be played
with seven types of Blue aircraft and three types of Red air-

craft, where

!This was done because these missiles are, in a sense, weapons
themselves and because the number of missiles fired 1s depen-
dent not only on the number of launching systems but also on
the number of enemy sorties that fly within range of these
systems. Thus, the number of missiles expended per launcher is
not constant; but, rather, it must be computed by the model.
Given that the model has to do this computation, it seems
worthwhile to keep track of the number of missiles expended.

11




Blue aircraft type 1 = F-U4;

Blue aircraft type 2 = A-7;

Blue aircraft type 3 = F-105;

Blue aircraft type 4 = F-111;

Blue aircraft type 5 = F-100;

Blue aircraft type 6 = F-104;

Blue aircraft type 7 = F-5 or G-91;

and

Red aircraft type 1 SU-7 or MIG-19;
MIG-17 or MIG-21;

MIG-23.

Red aircraft type 2

Red aircraft type 3

Parameters such as kill-effectiveness in an engagement with
an enemy aircraft, effectiveness when attacking an enemy airbase,
notional load of munitions (and hence effectiveness on close-air-
support missions), sortie rate, range considerations, shelter
priority, and occupancy factor (the percent of time that an
aircraft is on the ground and so is vulnerable to an enemy air-
borne attack)--these parameters are functions of type of aircraft.
The input assignment of aircraft to missions is also a function
of aircraft type (as will be explained in Subsection d, below).

b. Airbases

IDAGAM I plays two notional airbases in each region and
one notional airbase in the COMMZ for each side. Unlike the
number of types of weapons or types of aircraft, this number
of notional airbases is fixed in the model and cannot easily
be increased. (It would be easy to play fewer than this number
of notional bases.) The rationale behind choosing this struc-
ture is as follows:

One notional airbase for each side was considered insuffi-
cient for the following reasons: First, certain aircraft may
be able to fly close-air-support (CAS) missions only in certain

12




sectors. For example, U.S. aircraft may be able to provide
support only in sectors defended by U.S. divisions, and non-U.S.
NATO aircraft may only be able to provide support in sectors
defended by non-U.S. NATO divisions. These restrictions are
handled by playing at least one notional airbase in each region.

However, allowing only one notional airbase for each region
is still insufficient. To see this, consider the following simple
case: Suppose each side had only one type of aircraft, and sup-
pose that Blue's aircraft were identical in all respects to Red's
aircraft. Suppose, further, that these aircraft had a fixed
range--no matter what mission they flew. Then, aircraft that
are assigned to attack an enemy airbase would have to be based
close enough to the FEBA to reach that enemy airbase, whereas
aircraft that are assigned to provide CAS need by only close
enough to reach the FEBA. The two-sided picture 1is as follows:

BLUE BLUE FEBA RED RED
REAR FORWARD FORWARD REAR
AIRBASE AIRBASE AIRBASE AIRBASE

9-4-74-38

Blue aircraft could attack the Red rear airbase only from the
Blue forward airbase--and only if that airbase were very near the
FEBA--and vice versa. But since an airbase very near the FEBA
would be subject to attack by artillery (among other things),

it is not reasonable to locate an airbase there. Thus, in this
simple case, if a side wanted to use its aircraft on CAS misslons
only, it could assign all its aircraft to its (invulnerable)

rear airbase. But any aircraft that are to fly airbase-attack
(ABA) missions (or be flexible enough to fly either mission)

13




must be stationed on the forward airbase, and these aircraft

could attack only the enemy forward airbase.!

Of course, this case is oversimplified. Different types
of aircraft have different maximum ranges, and there are range-
payload trade-offs. But even in this simple case, if a model
is to play both CAS and ABA missions properly, then the model
should play at least two notional airbases--one forward and
one rear. And if playing alrbases in this way is required in
the simple case, then in the more complex case, where actual
ranges of the aircraft played are considered, a model would
certainly be deficient if it did not play airbases at different
ranges from the FEBA.

IDAGAM I can play airbases at three different ranges from
the FEBA. The notional airbases closest to the FEBA are those
in the forward part of the regions. The next closest are those
in the rear parts of the regions. The notional airbase farthest
from the FEBA is the one in the COMMZ. The forward and rear air-
bases in each region are meant to handle the problem described
above, and the COMMZ airbase is meant to allow IDAGAM I to play
long-range aircraft (like the F-111) or aircraft that could have
a long range at the cost of a reduced payload.

In summary, the airbases played in IDAGAM I are notional
airbases, each of which is considered to be composed of one or
more actual airbases. IDAGAM I plays several notional airbases,
partially in order to allow alrcraft to provide CAS in certain
sectors only, but primarily to play range considerations related
to different types of missions as well as to different types of

alrcraft.

Each notional airbase is characterized by its location (the
region number and forward or rear, or the COMMZ), by the number

This type of analysis has previously been used for naval air-
craft that are based on aircraft carriers and are used to
provide CAS.
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of aircraft of each type based on it, and by the number of SAMs
and AAA that are protecting it. These notional airbases can

be pictured as moving as the FEBA moves. So if the FEBA were
to move 200 km in the same direction in each sector, then each
notional airbase can be thought of as moving 200 km in that
direction; and the aircraft and SAMs and AAA would move along
with their airbase. Aircraft based on each notional airbase
can be protected by shelters, but these shelters are not "part"
of the airbase because the shelters are in fixed positions

and do not move as the airbase moves. (It is possible also to
play "movable" shelters in IDAGAM I, under some restrictive

assumptions.)

c. Aircraft Shelters

IDAGAM I plays one type of shelter for aircraft on each
side. These shelters provide protection for the aircraft from
enemy airbase attacks.

With the exception just noted, these shelters are considered
to be in fixed positions. Thus, for example, a shelter may ini-
tlally be so far from the FEBA that it cannot be used even by
aircraft based in the COMMZ. If the FEBA were to move closer
and closer to that shelter, the shelter could be used first by
alrcraft based on the COMMZ airbase, then by aircraft based on
the rear-region airbase, and finally by aircraft based on the
forward-region airbase. Then, if the FEBA were to move still
closer, the shelter would be considered to be too close to the
FEBA to be used even by aircraft based on the forward-region
airbase. Finally, if the FEBA crosses the location of the
shelter (i.e., the shelter is overrun by the enemy), the shelter
is assumed to be destroyed. The initial location of the shelters
and the distances from the FEBA (that determine which shelters
can be used by which notional airbases) are input. New shelters
can be added (i.e., built) at any time during the war by input.
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Aircraft are sheltered according to a priority-sheltering
scheme, so that if type-3 Blue aircraft have a higher priority
for sheltering than type-2 Blue aircraft, all type-3 Blue air-
craft are sheltered on an airbase before any type-2 Blue air-
craft are sheltered. The priority for sheltering is input.

d. Missions for Aircraft

IDAGAM I plays seven primary missions and five secondary
missions for aircraft. The seven primary missions are

(1) Close air support (CAS)

(2) Close-air-support escort (CASE)

(3) Battlefield defense (BD)

(4) Airbase attack (ABA)

(5) Airbase-attack escort (ABAE)

(6) Airbase defense (ABD)

(7) Interdiction of divisions in reserve (IDR).

Aircraft on CAS missions attempt to fire on enemy divisions
in combat. Aircraft on BD missions attempt to intercept the
enemy CAS aircraft before they can fire at friendly divisions.
Aircraft on CASE missions attempt to engage the enemy BD air-
craft before those aircraft intercept the CAS aircraft. Air-
craft on ABA missions attempt to destroy enemy aircraft on the
ground (i.e., on enemy airbases). Aircraft on ABD missions
attempt to intercept enemy ABA aircraft before the latter can
destroy friendly aircraft on the ground. Aircraft on ABAE
missions attempt to engage the enemy ABD aircraft before those
aircraft can intercept the ABA aircraft.! And aircraft on IDR
missions attempt to fire on divisions in reserve in regions.

!These interactions are not the only interactions possible. For
example, since aircraft on ABA missions may have to pass over
the battlefield in order to get to the enemy airbase, these air-
craft might be engaged by enemy BD aircraft. Further details
concerning these interactions are contained in the discussions
about the air-combat model.
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IDAGAM I requires as input the percent of aircraft of
each type that are sent on each primary mission. (An input
percentage could be zero for a mission if it 1s desired not
to play that mission.) These input percentages can be changed
over time by input, but IDAGAM I cannot internally calculate
these percentages. Based on these input percentages and on
other input parameters, IDAGAM I calculates which airbases the
CAS missions come from and, based on where they come from, into
which sectors they attack. Similarly, IDAGAM I calculates which
airbases aircraft on the other missions come from and where they
go to perform those missions (i.e., which enemy airbase ABA air-
craft attack, which airbase ABD aircraft defend, etc.). (The
way these calculations are made is discussed in Chapter II of

Volume 3.)
The five secondary missions are

(1) Supply-interdiction

(2) SAM-suppression against SAMs 1in combat sectors
(3) AAA-suppression against AAA in combat sectors
(4) SAM-suppression against SAMs defending airbases
(5) AAA-suppression against AAA defending airbases.

Aircraft on supply-interdiction missions attempt to block
or destroy enemy supplies en route to the combat sector. (Sup-
plies already in combat sectors can be destroyed by aircraft on
CAS missions.) Aircraft on SAM-suppression missions attempt to
destroy enemy SAMs in the appropriate locations, and aircraft
on AAA-suppression missions attempt to destroy enemy AAA in the

appropriate locations.

A percentage of the aircraft on CAS missions are diverted
from these missions and are assigned to fly SAM-suppression
missions and AAA-suppression missions against the SAMs and
AAA defending in the sector in which those aircraft are attack-
ing. What has just been specified for CAS missions holds for
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alrcraft on ABA missions and for SAMs and AAA defending the
airbases that those aircraft are attacking. These percent-
ages are not fixed, but are based on input parameters, the
number of sorties flown, the number of SAMs, and the number of
AAA systems that are defending the appropriate target. An 1n-
put percentage of the remaining aircraft on CAS missions and an
input percentage of the aircraft on IDR missions are diverted
from those missions and assigned to fly supply-interdiction
missions. These five types of missions are called secondary
missions because the number of aircraft assigned to them are
determined as a percentage of aircraft assigned to primary
missions.

Two types of aircraft missions that are not played in
IDAGAM I are deep-supply-interdiction missions (for example,
aircraft cannot be assigned to destroy supplies in the enemy's
COMMZ or ports) and attack missions against replacements or
divisions in reserve in the COMMZ.

e. Air Munitions

The number of types of air munitions that are considered
in IDAGAM I is an input. (See Chapter I of Volume 3 for a
discussion of the maximum number of types of air munitions
that can be considered.) For example, IDAGAM I could be played
with nine types of Blue air munitions and five types of Red air
munitions, where

Blue air munition type = cannon;
= 2.75 FFAR (rockets);

= M-82 (iron bombs);

Blue air munition type
Blue air munition type
Blue air munition type = napalm;
Blue air munition type cluster-bomb units of type 1;
Blue air munition type = cluster-bomb units of type 2;

Blue air munition type = rockeyes;
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Blue air munition type = cluster-bomb units of type 3;




Blue air munition type 9 = MK-84EO (smart bombs);
and

Red air munition type = cannon;
= iron bombs;
S-24 (rockets);

= antipersonnel cluster-bomb units;

Red air munition type
Red air munition type
Red air munition type
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Red air munition type = antiarmor cluster-bomb units.

Air munitions are used to determine the effectiveness of
aircraft on CAS missions. This determination is made in a
different way than for ground weapons. Each type of ground
weapon has certain allocation and effectiveness parameters
associated with it, and the types of ammunition for the ground
weapons are not explicitly accounted for. However, the corre-
sponding allocation and effectiveness parameters for air are
associated with the various types of air munitions rather than
with the types of aircraft. A notional load of the various
types of munitions is input for each type of aircraft. (These
notional loads can depend on whether the side is attacking or
defending.) This notional load should be the weighted average
of actual loads that aircraft of that type are likely to carry.
The effectiveness of a CAS sortie of a particular type of air-
craft is determined by the notional load of that type of
aircraft and the effectiveness of each type of munition in that
notional load. Just as ground ammunition is not played explic-
itly, neither are these air munitions played explicitly--in the
sense that IDAGAM I does not keep track of a stockpile for each
type of munition to determine when that type of munition is
exhausted. (IDAGAM I accounts for consumption of supplies--
which can include munitions--associated with aircraft, as
described in Subsection 1.f, above.)
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3. Allocation of Resources

IDAGAM I is not an optimization model. Some of the
resources played in IDAGAM I must be directly allocated by
user-supplied inputs; others can be allocated either in this
way or by the automated decision logic in IDAGAM I (along with
user-supplied parameters for this logic). A few allocations
must be made by the automated decision logic with user-supplied
parameters. (This characteristic of IDAGAM I is discussed
further in Chapter III.)
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Chapter 11
DESCRIPTION OF IDAGAM I

A. MODEL STRUCTURE

IDAGAM I is a fixed time-step model of a war between two
sides. (It is possible to vary the size of the time-steps
through sufficiently complicated inputs, but for all practical
purposes IDAGAM I has fixed time-steps.) IDAGAM I does not
model the events that might occur before the start of the war
or the events that might occur after the end of the war, nor
does it model how long the war will last. The number of time
periods to be played must be input, and IDAGAM I will play this
number of time periods regardless of what happens to either
side. (Of course, the user could ask IDAGAM I to play, say,

90 time periods, then judge from the output that the war would
have ended after the 45th time period, and then ignore all out-
puts after the 45th time period--a procedure that would give
the same output as asking IDAGAM I to play 45 time periods.)

IDAGAM I places no formal restriction on how long these
time periods should be. However, there are some logical dif-
ficulties in playing time periods shorter than one day (for
example, there is no automatic way for IDAGAM I to distinguish
daylight from darkness). (Further details on using IDAGAM I
to play time periods shorter than one day are discussed in
Chapter I of Volume 3.) Accordingly, for the rest of this
report we will assume that the time period played in IDAGAM I
is one day (24 hours). (If desired, IDAGAM I can be played
with 2-day, 3-day, or longer time periods.)

In addition to the number of time periods (days) played,
the user must input the conditions (forces and parameters) at
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the start of the first day and all new forces that are to be
added to each side during the war. (The user can also change
parameters during the war, if he so chooses.)

The basic operation of the model has the following nine

steps:

(1) Read initial forces and parameters.

(2) Set up the theater controls for the first day of
combat.

(3) Set the "day being played" counter equal to 1.
(4) Do the air-combat model for that day.
(5) Do the ground-combat model for that day.

(6) Test to see if the "day being played" counter equals
the input number of days to be played. If so, stop;
if not, continue.

(7) Do the theater-control model for that day.

(8) Read new parameters, read force increments, and read
user-directed divisional moves as appropriate.

(9) Add 1 to the "day being played" counter and go back
to Step 4.

Each of these steps is now discussed briefly and in turn.

Step 1. Except for the number of days to be played and a
few "bookkeeping" inputs that are read into the model in the
main control program (which is called MAIN in the IDAGAM I com-
puter program), the initial inputs to IDAGAM I are read into
the model in one of the following four subroutines:

Computer Program

Name Short Definition
(1) RCD Read Campaign Description;
(2) RFTZ Read Forces at Time Zero;
(3) RPTZ Read (ground-combat and theater-
control) Parameters at Time
Zero;
(4) RPAC Read Parameters for Air Combat

(at time zero).
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RCD reads the numbér of weapon types, division types, aircraft
types, sectors, regions, etc., to be played in that run of the
model. RFTZ reads the initial forces (both ground and air) into
the model. RPTZ reads the parameters for the ground-combat
model and the theater-control model. RPAC reads the parameters
for the air-combat model. To read in these initial values,
these subroutines are called only once.

Step 2. Before the first day of battle can take place,
certain quantities must be calculated from the input parameters.
This calculation is done in the Theater Control at Time Zero
subroutine (which is called the TCTZ subroutine in the computer
program). The quantities computed in TCTZ are of two types:
First, there are some quantities (such as terrain and width of
sector) that are determined in the theater-control model for
the next day's battle; they are determined for the first day
of battle in the TCTZ subroutine.! Second, there are some
quantities (such as the value of a weapon against a standard
force) that need to be computed only once for the whole war.
Like the subroutines described in Step 1, the TCTZ subroutine
is called only once per run of IDAGAM I.

Step 3. The model sets up the iterative procedure at this
step. The "day being played" counter is initially set equal to
1l and, at the end of each iteration, 1 is added to this counter.
The model will stop when this counter reads the input number of
days to be played as described in Step 6.

Step 4. The air-combat model (called the AC program
overlay in the computer program) calculates all air-to-air

1The theater-control model was not used here because it per-
forms many other operations (besides determining these
quantities) that do not need to be calculated before the
first day of battle.
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and ground-to-air attrition, the attrition of SAMs and AAA due
to suppression missions, the attrition of aircraft on the ground
due to ABA missions, and the attrition of personnel and weapons
in divisions 1n reserve due to IDR missions. The number of
surviving aircraft by type on CAS missions calculated by this
model are used as input to the ground-combat model. The air-
combat model is called on each day of the war.

Step 5. The ground-combat model (called the GC program
overlay in the computer program) calculates the rest of the
air-to-ground losses and all ground-to-ground losses (i.e., it
calculates the attrition of people, weapons, and supplies in
combat sectors due to enemy ground fire and enemy CAS missions).
The ground-combat model also calculates the capture of terri-
tory, which is denoted by the movement of the FEBA in each
sector. Like the air-combat model, this model is called on
each day of the war.

Step 6. At this point in the program, the model compares
the "day being played" counter and the input, which gives the
number of days to be played in that particular run. If the
counter and this input are equal, then the model stops. If
they are not equal (i.e., if the number of days already played
is less than the input number of days to be played), then the
model continues. In a normal run, this is the only step at
which the model can terminate.

Step 7. The theater-control model is divided (for com-
puter purposes only) into two program overlays (called TCl and
TC2). The main functions of the theater-control model are to
add replacement people and replacement weapons to divisions,
to move reinforcement divisions from the COMMZ to regions and

from regions to sectors, and to withdraw divisions from sectors
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to regions, as appropriate, for each side. In addition to
playing the replacements and reserves for each side, the
theater-control model makes a number of other computations
(such as moving supplies and determining geographical quanti-
ties). Since the theater-control model is not used before
the first day of combat, and since it is not needed on the
last day of combat, it is called one less time than the total
number of days played.

Step 8. If the user so desires, on any day of the war he
can read new values for parameters and new force increments
into the model; and he can direct divisions to be moved in the
model. New parameters (both ground and air) are read in the
RP subroutine. If a new value for a parameter is read into
the model, it replaces the o0ld parameter. Force increments
(both ground and air) are read in the RF program overlay. If
a force increment is read into the model, it does not replace
(but, rather, adds to) the force already there. For example,
if 10 aircraft of a particular type are added to a certain
airbase that already has 20 aircraft of that type stationed on
it, the model will start the next day with 30 aircraft of that
type on that airbase. The theater-control model automatically
moves divisions between regions and sectors according to cer-
tain rules. However, whenever the user would like to direct
particular divisional moves, he can do so by reading in a nega-
tive value for the number of divisions, the appropriate negative
number of people and weapons by type for the old location, and
the corresponding positive numbers for the new location. But
he can also move forces by using the MF subroutine. This sub-
routine requires only the number and type of divisions to be
moved and the location from which and to which they are to be
moved. The MF subroutine then automatically computes the
number of people and weapons by type to be moved.
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Step 9. At this step, the model increments the "day being
played" counter by 1 and starts the next day of combat by send-
ing control of the program back to Step 4.

(Steps 1, 3, 6, 8, and 9 are fairly self-explanatory and
will not be discussed further in this volume. Steps 4, 5, and
T--the air-combat, ground-combat, and theater-control models--
are discussed below and in Chapters II, III, and IV of Volume 3.
Step 2, Theater Control at Time Zero, 1is discussed in Chapter V
of Volume 3.)

B. SUMMARY DESCRIPTION OF THE AIR-COMBAT MODEL

This section contains an outline of the air-combat model
and a description of its attrition processes in algebraic
notation. Chapter II of Volume 3 contains a detailed descrip-
tion of the logic used by the air-combat model in the same
mnemonic notation used in the IDAGAM I computer program. The
reason for proceeding this way is that the attrition equations
seem to be more easily understood when they are presented in
algebraic notation and when the context 1n which they are used
is described. Then, given this summary description and an
understanding of the attrition equations, the detailed logic
(as presented in Chapter II of Volume 3) can be followed more
easily.

1. Structure of the Air-Combat Model

The air-combat model performs the following steps:

Step 1. The first operation performed by the air-combat
model is to determine the number of shelters associated with
each notional airbase. This determination is made by compar-
ing the locations of the FEBA (which are input for the first
day and are moved 1n each sector according to the ground-combat
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model on each day of the war) to the fixed locations of the
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remaining shelters (which are input).

Step 2. The second step is to compute the number of
supplies consumed by the aircraft and associated men and equip-
ment. If enough supplies are not available, the number of
sorties that can be flown that day is reduced according to the
shortage of supplies.

Step 3. The third step is to compute the assignments of
aircraft by location. IDAGAM I requires as input the percent
of aircraft of each type that are to be assigned to each primary
mission. Based on these input percentages, the situation of
ground forces, the number of aircraft of each type on each air-
base, and other parameters, the model computes which airbases
the ailrcraft on CAS missions come from and which sectors they
attack; and it computes which airbases the aircraft on ABA
missions come from, which enemy airbases they attack, and so

on, for the other five primary missions.

Step 4. The fourth step is to divert a percentage of the
aircraft on CAS missions in each sector from those missions to
suppress the enemy SAMs and AAA that are defending in that
sector. The percentage of aircraft that perform these sup-
pression missions depends on the number of aircraft on CAS
missions in that sector, the number of SAMs in that sector,
and the number of AAA in that sector. Also, a percentage of
aircraft on ABA missions against each airbase 1s diverted
from those missions to suppress the SAMs and AAA that are
defending that airbase. This percentage also depends on
the numbers of aircraft on ABA missions against that ailrbase,
SAMs defending that airbase, and AAA defending that airbaéé.
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Step 5. In this step, all air-to-air attrition is computed.
The results of this step are the number (by type and by mission)
of aircraft killed and the number surviving from each airbase.
The number of surviving aircraft on CAS missions is input to
the ground-combat model. The number of surviving aircraft on
ABA missions is used in Step 6 to compute ailrcraft losses on
the ground. The attrition of SAMs and AAA by aircraft on sup-
pression missions is also computed in this step. ) Lo f’“”*“”f”n
Ale Copnen 1y AAR/SAM 2 Liow

Step 6. The attrition of aircraft on the ground by enemy
aircraft on ABA missions is computed in this step.

Step 7. The attrition to divisions in regions due to IDR
missions is calculated in this step.

(A more detalled discussion of Steps 5 and 6 is given in
the next three subsections. A more detailed discussion of Step
7 is given in Section C.2.f, below, because the discussion is
more easily understood after ground attrition has been explained.
Details on all the steps can be found in Chapter II of Volume 3.)

2. Air-To-Air and Suppression Interactions

As discussed earlier, IDAGAM I plays several notional
airbases; and these airbases have certain spatial character-
istics. For example, there are not just two notional alrbases
in each region. Rather, there are two notional airbases, one
of which is closer to the enemy than the other; and the closer
airbase should be pictured as being 1in between the farther one
and the enemy. Further, the COMMZ airbase should be pictured
as being behind all the region airbases. As explained above,
to picture these airbases in any other way and yet still to
play CAS and ABA missions would be inconsistent, unless there
were no actual airbases in these locations. (If an airplane
with a certain payload can fly ABA missions, then it certainly
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can move back, directly away from the enemy, and fly CAS missions
with the same payload, providing that there is an airbase farther
back for it to use.) Thus, a cross section of the theater would
look like the following diagram:

Blue Blue Blue Blue | Red Red Red Red
COMMZ  rear- forward- divisions FEBA divisions forward- rear- — COMMZ
airbase region region in combat in combat region region aijirbase
airbase airbase airbase airbase

To see the possible number of interactions that can take
place, assume that each airbase is defended by aircraft on ABD
missions and by SAMs and AAA. And suppose that the divisions
in combat are defended by aircraft on BD missions and by SAMs
and AAA. In IDAGAM I, it is assumed that AAA have such
limited capability that they can kill only enemy aircraft that
are attacking elther the guns themselves or the targets they
are defending. However, IDAGAM I allows the SAMs, BD aircraft,
and ABD aircraft to have the possibility of detecting and
killing enemy aircraft that are flying over the target they
are defending to reach targets farther to the rear.! Thus,
an aircraft on a CAS mission can be killed by enemy BD air-
craft, enemy SAMs in combat divisions, and enemy AAA in combat
divisions. An aircraft on an ABA mission against a forward
airbase can be killed by enemy BD aircraft, enemy SAMs in
combat divisions, and enemy ABD aircraft, SAMs, and AAA

'As discussed further in the next section, certain parameters
that govern the attrition process in an area can depend on
whether the enemy aircraft are attempting to attack targets
in that area or are attempting to fly to targets farther to
the rear.

29




defending the forward-region airbase (and so on for aircraft
attacking rear-region airbases or the COMMZ airbase).!

The order in which these interactions take place is as
follows: All aircraft on CAS missions, CASE missions, SAM-
suppression missions in sectors, and AAA-suppression missions
in sectors are assumed to cross the FEBA each day before any
aircraft on ABA-related missions. A more realistic assumption
might be that missions of all types are spread throughout the
day. But this assumption would, in a sense, require subdivid-
ing each day in the air model into finer time intervals. This
subdivision would be more realistic, but 1t is not clear how
much more accurate it would be; and it would increase the
complexity of the model. For simplicity, IDAGAM I assumes that
all missions of the same type that go to the same location cross
the FEBA at the same time.? Given this assumption, it seems

!The largest number of possible interactions occur when an
aircraft attempts to attack the COMMZ airbase, for then it
can be killed by enemy BD aircraft, SAMs in combat divisions,
ABD forward-region aircraft, SAMs in the forward region,

ABD rear-region aircraft, SAMs in the rear region, ABD COMMZ
aircraft, SAMs in the COMMZ, and AAA in the COMMZ--a total
of nine possible interactions.

IDAGAM I does not explicitly play the engagements that
can occur as attackers, suppressors, and escorts return to
their home airbase. Attrition to these aircraft on the way
home is assumed to be a fraction of the attrition they
suffered on their way to thelr targets.

20ne effect of this assumption concerns sortie rates greater
than 1. Suppose that the sortie rate for a particular type
of aircraft on a particular mission is 2. Then the model
approximates the number of kills made by one aircraft of
that type with a sortie rate of 2 by the number of kills
that would be made by two aircraft of that type but with

a sortie rate of 1. (For sortie rates greater than 1,

the number of aircraft of that type killed on that mission
is assumed to be equal to the number of "sorties killed"
divided by the sortie rate. No such approximation is
necessary for sortie rates less than or equal to 1.)
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reasonable to assume that the alrcraft on CAS-related missions
cross the FEBA first.!

Similarly, IDAGAM I assumes that all aircraft on ABA-
related missions against forward-region airbases cross into
the forward region before aircraft on ABA-related missions
against rear-region airbases or the COMMZ airbase. And air-
craft on ABA-related missions against the rear-region airbases
cross into the rear region before aircraft on ABA-related
missions against the COMMZ airbase.

Within a mission-related group, the escorts are assumed to
attempt to engage enemy defenders before these defenders can
attempt to engage the other attacking aircraft. Realistically,
escorts can be used in two ways: Either they can "go first"
and "sweep out" the air space ahead of the attacking aircraft,
or they can fly alongside the attacking aircraft and attempt
to engage those enemy aircraft that attempt to intercept this

attacker-escort group. IDAGAM I models escorts as being used

o - a2 I
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After the escort-defender interactions, the attackers and
suppressors interact with the remaining defenders. If this
group of aircraft are to attack targets farther to the rear,
the SAMs are allowed to shoot at the remaining attackers and
suppressors, after which the remaining aircraft continue toward
their target. If this group of aircraft is to attack targets

'If there are no interactions allowed between BD aircraft and
ABA and ABAE aircraft, etc., then it makes no difference who
crosses first. However, if such interactions are possible,
then whoever crosses first has a chance of engaging the BD
aircraft--thus leaving fewer BD aircraft on station to inter-
cept the group of aircraft that crosses the FEBA second.

2The second way of using escorts is equivalent to the first way
if certain assumptions are made (one of which would be that the
escort-defender interactions always occur before the defender
can engage the attacker). Thus, IDAGAM I can also be considered
as modeling the "fly alongside" use of escorts, providing that
additional assumptions are made.
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in this area, the SAMs are allowed to shoot at the remaining
aircraft on suppression missions; then the remaining SAM-
suppression aircraft can shoot at the SAMs, and then the \,
remaining AAA-suppression aircraft interact with the AAA. ™\
Finally, the remaining SAMs and AAA can shoot at the remain-
ing attack aircraft, and the attack aircraft that penetrate

the SAMs and AAA can then attack their targets.

a. Interactions Concerning the Attack of Aircraft on the Ground

One result of the interactions already discussed is the
number of aircraft by type that successfully attack each enemy
airbase. The targets for this attack are the number of aircraft
(by type), sheltered and unsheltered, that are on the airbase
when this attack occurs. Realistically, the aircraft stationed
on an airbase that survived the previous day's combat will not
“all be actually on the airbase when this attack occurs (some
will be out flying their own missions). Further, the percent
of aircraft on the ground when an attack occurs may vary through-
out the day. In IDAGAM I, the percent of aircraft actually on
the ground when an attack occurs is approximated by a constant
input percentage, which is a function of aircraft type. (This
input percentage must be constant throughout the day, but the
user can vary it day by day if he desires.) Applying this per-
centage to the number of surviving aircraft (by type) stationed
on the airbase (after considering air-to-air and ground-to-air
attrition) gives the number of aircraft (by type) that are
assumed to be actually on the airbase when the attack occurs.
(There is at most one attack on an airbase each day, and all
the successful aircraft on ABA missions against that airbase
are added together to form this attack.)

Those aircraft actually on the airbase when the attack
occurs can be either in aircraft shelters or in the open. The
method used to determine the number of aircraft shelters on
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each airbase has already been outlined. The priority for the
sheltering of aircraft (by type) is an input to IDAGAM I. All
aircraft of the type given the highest priority are sheltered
before any aircraft of the second-highest priority and so on--
until either all aircraft are sheltered or all the shelters on
the airbase have been used. (It is assumed that each shelter
can hold one aircraft, no matter what the type of that air-
craft is.)

Attacking aircraft are assumed to split their attack
between sheltered and nonsheltered aircraft in the following
way: An input to IDAGAM I is the number of Blue aircraft that
attack Red nonsheltered aircraft per Red nonsheltered aircraft
before any Blue aircraft attack Red sheltered aircraft (and the
same for Red attacking Blue). This input times the number of
Red nonsheltered aircraft gives the "breakpoint" number of Blue
aircraft that attack Red nonsheltered aircraft before any at-
tacks are made on shelters. If the actual number of attacking
Blue aircraft is less than or equal to this breakpoint number,
all Blue aircraft attack nonsheltered Red aircraft. If the
number of attacking Bl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>